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27. Carcinoid syndrome 

Table 27 details the studies found which gave information relevant 
to an investigation of lung cancer risk in relation to the carcinoid 
syndrome. A total of 29 cases of bronchial carcinoma with the carcinoid 
syndrome have been described. 

With such little information it is not possible to evaluate the 
possible association between lung cancer risk and the carcinoid syndrome. 


Table 27: Observations for the carcinoid syndrome 


Study 



Population 

Observations 

Stanford et al 

(1958) 

US female 

1 case of bronchial carcinoma with 

the carcinoid syndrome described 

Goodner et 

al 

(1961) 

US 

residents 

27 cases of bronchial carcinoma with 

the carcinoid syndrome reported 

Calvert et 

al 

(1963) 

Spanish 

male 

1 case of bronchial carcinoma with 

the carcinoid syndrome reported 
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28. Cardiac anomalies 

Details of the only study which attempted to relate the risk of lung 
cancer to cardiac anomalies are given in Table 28 . A relative risk of 2.5 
was estimated. 

Although the findings of this study are suggestive of a positive 
association between lung cancer risk and cardiac anomalies, evidence from 
further studies is needed before such a relationship can be confirmed. 


Table 28: Estimate of relative risk for cardiac anomalies 


i 

Study 

Population 

Relative risk 

f 



(95% limits) 

» , 

Tenkanen et al (1987) 

Finnish men 

2.5 (1.7-3.7) 


References 
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29. Chemical workers 

There are numerous studies which have attempted to relate the risk 
of lung cancer to exposure to a single chemical, and these are discussed 
elsewhere in separate reports for each specific exposure. The purpose of 
this report is to consider those studies which investigated a possible 
association between lung cancer and employment in the chemical industry 
in general terms, rather than those which restricted themselves to one or 
two exposures. Eight studies were found which examined lung cancer risk 
among chemical workers, and details of these are given in Table 29 . Ten 
standardized mortality ratios are presented, lying in the range 91-211, 
with nine being raised. Four relative risks of between 1.4 and 1.5 were 
estimated. 

The exposures of chemical workers will obviously vary depending on 
the nature of their work and most will probably be exposed to several 
potentially carcinogenic compounds. For example, the workers in these 
studies were exposed to chlorinated hydrocarbons, mining chemicals, 
methionine, inorganic chemicals, chlorpyridines, antimicrobials, 
chloralkali and latex [1], as well as chemicals associated with the 
production of herbicides, particularly 2,4,5-trichlorophenoxyacetic acid, 
lindane, hexachlorocyclohexane, dichlorobromophenol, trichlorophenol, 
opioids, and 2,3,7,8-tetrachlorodibenxo-p-dioxin [4]. One of the studies 
also collected information on previous occupations which may have led to 
exposure to potentially carcinogenic substances [1]. 

The evidence presented in the table suggests that there may indeed 
be an increased risk of lung cancer associated with employment in the 
chemical industry. However, it is not possible to identify the agent 
responsible, and in any case it is likely that workers will be exposed to 
several potential carcinogens. 


Source: https://www.industrydocuments.ucsf.edu/docs/jmblOOOO 
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Table 29: Estimates of relative risk/standardized mortality ratio for 
workers in the chemical industry 


Study 

Population 

Relative risk 

(95% limits) 

Li et al (1969) 

US chemists 

116* 1 

Blot et al (1978) 2 

US chemical workers, including 

painters 

1.5(p>0.05) 

Gottlieb et al (1979) 2 

US chemical workers 

1.4(p<0.05) 

Logan (1982) 

UK male chemical workers - 1951 

105* 


1961 

103* 


1971 

118* 


Married women - 1951 

140* 


1961 

105* 


1971 

131* 

Blot et al (1983) 2 

US chemical workers 

1.4(p<0.05) 

OPCS (1986) 

UK male chemical/gas/petroleum 

process plant operators 

179(p<0.01)* 


Married women^ 

211(p<0.01)* 

Manz et al (1991) 

German chemical plant workers 

1.41(0.95-2.01) 

Burchfiel et al (1992) 

US chemical workers 

91(66-122)* 


* Standardized mortality ratio 

1 Estimated from data given 

2 From Williams Pickle et al (1984) 

3 According to husband's occupation 


Source: https://www.industrydocuments.ucsf.edu/docs/jmblOOOO 
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30. Chlorophenols/chlorophenoxv herbicides 

Only three studies were found which looked at exposure to 
chlorophenols and/or chlorophenoxy herbicides in relation to lung cancer 
risk, one of which combined the results from 20 cohorts collected from 
several occupational groups in various countries. From the details given 
in Table 30 . it can be seen that the standardized mortality ratios 
calculated ranged from 102-208. 

It was noted by IARC, in 1986, that the study by Riihimaki et al was 
of limited usefulness due to the small size of the cohort, the brief 
follow-up period and the low exposures of the subject. As only three 
studies were found which considered the possible association between lung 
cancer risk and exposure to chlorophenols and/or chlorophenoxy herbicides 
it is not really surprising that the evidence for carcinogenicity in 
humans was felt to be "limited” [1], 


Table 30: Estimates of standardized mortality ratio for exposure to 
chlorophenols and/or chlorophenoxy herbicides 


S tudy 

Population 


Standardized 

mortality 

ratio 

Riihimaki et al (1982,1983)^ 
Lynge (1984,1985) 1 

3 

Saracci et al (1991) 

Finnish brush control 

Danish chemical plant 

Herbicide workers 

workers 

workers 

108(56-189) 
208 (p<0.05)' 2 
102(87-118). 

1 From IARC (1986) 

2 Estimated from data given 

3 Combined results from 20 cohorts 


Source: https://www.industrydocuments.ucsf.edu/docs/jmblOOOO 
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31. Chromium compounds 

The possible association between exposure to chromium compounds and 
lung cancer risk was considered by numerous studies, details of which are 
given in Table 31 . Studies restricted to workers in chromate-producing 
industries presented five standardized mortality ratios, ranging between 
102 and 943. Six estimates of relative risk, of 2.00-80.00, were also 
given. One study reported that while 11 cases had been exposed to 
chromium compounds, none of the controls had, and another observed that 
some 24% of deaths in a cohort were due to respiratory cancer. Finally, 
one study presented a crude death rate of 369.7/100 000 per year, but no 
independent reference group was available for comparison. Studies of 
workers in chromate-pigment producing industries estimated relative risks 
of 0.7-42.9, with four out of five being above 1.00. One standardized 
mortality ratio, of 102, was also given. Three estimates of relative 
risk were produced by studies restricted to workers in chromium-plating 
industries, and these ranged from <1.00-1.8, with two being raised. 
Relative risks of <1.00-6.6 were estimated from studies of workers in 
ferrochromium industries, again with two out of three being above 1.00. 
Finally, studies of workers in other industries with exposure to 
chromium compounds produced two estimates of relative risk,, of 1.7 and 
4.4. 

However, some important limitations of the studies which may have 
led to inaccuracies should be highlighted. Firstly, there were 
differences between the studies in the amount of time that subjects were 
required to have spent in a particular job in order to have been 
classified as "exposed". Furthermore, although chromium exists as many 
different compounds, with potentially differing toxic effects, only nine 
studies (Alderson, Axelsson, Davies, Davies et al, Hayes, Kano, Langard 
and Norseth, Langard et al, Pokrovskaya and Shabynina) made any attempt 
to identify the compounds the subjects were exposed to, so that the 
contribution to cancer risk by any one compound would be very difficult 
to determine. Likewise, only nine studies made any assessment of the 
dosage received by the respondents, either by taking objective 
measurements (Axelsson, Langard and Norseth, Langard et al, Mancuso 
1975), estimating the degree of exposure (Alderson, Davies), or by using 
length of employment as an index of exposure (Davies et al, Hayes, Kano). 


Source: https://www.industrydocuments.ucsf.edu/docs/jmblOOOO 
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In 1980, I ARC stated that "although the available epidemiological 
evidence does not permit a clear distinction between the relative 
carcinogenicity of chromium compounds of different oxidation states or 
solubilities, it appears that exposure to a mixture of chromium [VI ]i 
compounds of different solubilities (as found in the chromate production 
industry) carries the greatest risk to humans" [4]!. Thus, while the 
evidence for the carcinogenicity of hexavalent chromium compounds was 
classified as "sufficient", it was felt that the evidence for chromium 
metal and trivalent chromium compounds was "inadequate" [|5]I. 


Table 31: Estimates of relative risk/standardized mortality ratio for 
exposure to chromium compounds 


Study Population Relative risk 

(95% limits) 


Workers in chromate-producing industries: 


Machle and Gregorous 
(1948) 1 

US chromate workers 

25.00 

Baetjer (1950) 1 

US chromium workers 

11 cases and 

no controls 

exposed to 

chromium 

Mancuso (1951)^ 

Chromate workers 

24% deaths due 

to respiratory 

cancer 

Mancuso and Hueper 

US chromate workers 

15.00 3 

(1951) 1 



Gafafer (1953) 1 

US chromate workers - whites 

14.3(p<0.05) 


Blacks 

80.0 

Bidstrup and Gase (1956)^ 

British chromate workers 

364(p<0.05)* 

Taylor (1966) 1 

US chromate workers 

8.5(p<0.05) 3 

Enterline (1974) 

US chromate workers 

943* 

Mancuso (1975)^ 

US chromate workers 

369.7 4 

Hayes et al (1979) 1 

US chromate workers 

2,00(p<0.05) 

Alderson et al (1981) 

UK chromate factory workers 

240(p<0.001)* 


Source: https://www.industrydocuments.ucsf.edu/docs/jmblOOOO 
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UK chromate factory workers 
early/prechange 
Postchange 


Workers in chromate-pigment industries: 

Langard and Norseth Norwegian pigment producers 

(1975) 1 


Davies (1978,1979J 1 


Langard and Vigander 
(1983) 5 


UK lead/zinc chromate workers 
UK lead/zinc chromate workers 
UK lead chromate workers 
Norwegian pigment producers 


Kano et al (1993) 


Japanese pigment workers 


Workers in chromium^plating industries: 

Royle (1975a>b)^ UK chromium-plating workers 

Waterhouse (1975) 3 UK chromium-plating workers 


Okubo and Tsuchiya 
(1977) 1 


Japanese chromium-plating 
workers 


Workers in ferrochromium 
Pokrovskaya and 
Shabynina (1973) 3 
Axelsson et al (1980) 3 
Langard et al (1980) 3 


industries: 

Soviet ferrochromiumi alloy 
workers 

Swedish ferrochromium workers 
Norwegian ferrochromium and 
ferrosilicon workers 


Workers in other industries with chromium exposure: 
Sjogren (1980) 3 Stainless steel welders 

Becker et al (1985)'* Stainless steel welders 


197(p<0.05)* 

102 ( 56 - 171 )* 


38.00(p<0.05) 

2.2(p<0.05) 

5.0(p<0.05) 

0.7 

42.9 6 

102(21-298)* 

1.8(p>0.05) 3 
1.4(p<0.05) 
< 1 . 00 3 


4.4i-6.6 (p<0.05) 


<1.00 3 


2.3(p>0.05) 


4.4 

1.7 


Source: https://www.industrydocuments.ucsf.edu/docs/jmblOOOO 


2024768936 




-78- 


Footnote to Table 31 
* Standardized mortality ratio 

1 From International Agency for Research on Cancer (1980) 

2 From Enterline (1974) 

3 Tumours of respiratory system (ICD codes 160-164) 

4 Crude death rate per 100 000 per year 

5 From International Agency for Research on Cancer (1987) 

6 Estimated from data given 
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f r 32. Coal gasification 

i ,, 

^ Table 32 gives details of the available evidence for a possible 

j association between the risk of lung cancer and exposure to coal 

gasification. Seventeen standardized mortality ratios were calculated, 
| all of them raised and they ranged from 112-571. Additionally, one study 

reported observing significantly more cancers of the respiratory tract 
f' than expected, but did not give any detailed results. 


i . 

Workers in coal 

gasification processes may be 

exposed to 

any of a 

r' 

number of chemicals. 

including alcohols, aldehydes, 

, amines, 

ammonia, 

t . 

arsenic compounds, 

asbestos, bauxite, cadmium 

compounds, 

carbon 

f “■ 

compounds, glycols, 

hydrogen compounds, lead compounds, mercaptans. 

ci 

l; 

nickel compounds, 

nitrogen heterocyclics and 

oxides, 

oxygen 


heterocyclics, phenols, polynuclear aromatic hydrocarbons, silica, 
sulphur compounds, thiocyanates, and vanadium compounds. However, none of 
the studies made any objective measurements of workplace exposures, and 
thus it is very difficult to tell which, if any, of these substances the 
workers were exposed to, and at what level. 

Despite this, IARC still felt that there was "sufficient" evidence 
for the carcinogenicity of coal gasification to humans. It was suggested 
that working in retort houses in older gasification processes may carry 
the highest risk, and the most likely agent of carcinogenicity was 
thought to be coal-tar fumes [3], 


k ro 

fr 
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fe 
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Table 32: Estimates of standardized mortality ratio for exposure to coal 
gasification 


Study 

Population 

Standardized 

mortality ratio 

Kennaway and Kennaway 

E/W patent-fuel workers 

571 

(1936, 1947)^ 

Gas stokers/coke oven chargers 

284 


Gas-works engine drivers/foremen/ 

producers/fitters 

138-202 

Doll (1952) 1 

British gas workers 

240(p<0.001) 2 


Employees inside works 

198(p<0.02) 2 


Employees outside works 

154 2 

Bruusgaard (1959)* 

Gas workers 

Significantly 

more cancers 

of respiratory 

tract than 

expected 

Doll et al (1965) 

E/W Coal-carbonization process 

workers 

2 

169 


Intermittent exposure in coal- 

carbonization plant 

2 

112 

Doll et al (1972) 

E/W coal-carbonization process 

workers 

134 2 


Intermittent exposure In coal- 

carbonization plant 

172 2 

OPCS (1978) 

E/W coal gas/coke oven furnacemen 

2 

180 

Logan (1982) 

UK men making coal/gas/coke - 1931 

367 


1951 

129 


1961 

152 


1971 

178 

OPGS (1986) 

British cheraica1/gas/petroleum 

process plant operators - men 

179 

- 

Married women^ 

211 


Source: https://www.industrydocuments.ucsf.edu/docs/jmblOOOO 
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Footnote to Table 32 
E/W - English/Welsh 

1 From IARC (1984) 

2 Estimated from data given 

3 Classified according to husband's occupation 
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33. Coal-tars and coal-tar pitches 

Table 33 gives details of the studies which investigated the 
possible association between lung cancer risk and exposure to coal-tars 
and/or coal-tar pitches. Thirty standardized mortality ratios (SMR) were 
calculated, ranging from 92-571, of which 29 were raised. Nine relative 
risks were estimated, lying in the range 1.00-44.0, with all but one 
being above 1.00. Two studies calculated proportional mortality ratios, 
of 149 and 161. Four studies failed to give detailed results, with one 
reporting 12 lung cancers in exposed workers compared to none in 
non-exposed workers, one observing significantly more respiratory tract 
cancers than expected, one reporting an excess of lung cancer deaths 
among workers exposed to coal-tars and/or coal-tar pitches, and one 
reporting no difference in SMR between groups of exposed and non-exposed 
workers. 

It has previously been reported that roofers are often exposed to 
bitumens as well as pitches [4],. while workers in the coal gasification 
and coke production industries may be exposed to numerous chemicals, 
among them alcohols, aldehydes, amines, ammonia, arsenic compounds, 
asbestos, bauxite, cadmium compounds, carbon compounds, glycols, hydrogen 
compounds, lead compounds, mercaptans, nickel compounds, nitrogen 
heterocyclics and oxides, oxygen heterocyclics, phenols, polynuclear 
aromatic hydrocarbons, silica, sulphur compounds, thiocyanates, and 
vanadium compounds [3]. As only one study (Mazumdar) took objective 
measurements, and then only of benzene concentrations in the workplace, 
the exact nature of the subjects' exposures is impossible to ascertain, 
and the excess lung cancer risk cannot be attributed to any one chemical. 

Several other potential problems were noted in some of the studies. 
The design of the study by Reid and Buck, in which the SMRS are based on 
a working population with only a short period of follow-up during which 
death might have occurred, may have led to a serious underestimation of 
the risk involved. Conversely, the use of a "precision factor" to weight 
the relative risks from various different plants in the study by Redmond 
et al (1972) increased the SMR over that calculated directly. Problems 
were also’ noted in the study by Radford, due to under-identification of 
deaths, loss of terminated workers, and lack of age corrections, and a 
difficulty in assessing how the reported excesses relate to coke-oven 


Source: https://www.industrydocuments.ucsf.edu/docs/jmblOOOO 
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, * workers. Other potential sources of inaccuracy noted in some of the 

j studies included small numbers of subjects, possible selection factors, 

imprecise work histories obtained from next-of-kin respondents, and 
r differences in the source of information on occupation for cases and 

controls [3]. 

: Despite these drawbacks, IARC considered the evidence for the 

carcinogenicity to humans of both coal-tars and coal-tar pitches to be 
■'' * "sufficient” [5] , 

t. ~ 

i Table 33: Estimates of standardized mortality ratio/relative risk for 

exposure to coal-tars and coal-tar pitches 


Study Population Standardized 

mortality 

ratio 


Kennaway and Kennaway 
(1936,1947) 1 


Kuroda (1937)'*' 


Doll (1952) 1 

Reid and Buck (1956)^ 
Bruusgaard (1959)^ 


Source: https://www.industrydocuments.ucsf.edu/docs/jmblOOOO 
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E/W patent-fuel workers 
Gas stokers/coke oven chargers 
Gas works engine drivers/gas 
works foremen/gas producers/gas 
fitters 

Japanese gas-generator workers 


British gas workers 
Employees inside works 
Employees outside works 
English coking plant workers 
Gas workers 


571 

284 

138-202 


12 lung 

cancers 

compared to 

none in 

workers in 

other areas 

240 (p<0.001):^ 

198(p<0.02) 2 

2 

154: 

140 

Signif. more 
cancers of 
respiratory 
tract than 
expected 
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Table 33 continued 

Doll et al (1965) 

E/W Coal-carbonization process 

workers 

2 

169^ 


Intermittent exposure in coal- 

carbonization plant 

2 

112 

Kawai et al (1967) 1 

Japanese gas-generator workers 

44.0* 

Lloyd and Ciocco (1969) 1 

US non-white coke plant workers 

342 3 

Lloyd (1971) 1 

US coke-oven workers 

248 3 

Doll et al (1972) 

E/W coal-carbonization process 

workers 

2 

134 


Intermittent exposure in coal- 

carbonization plant 

2 

172 

Redmond et al (1972)^ 

US/Canadian coke-oven workers 

2.85(p<0.05)* 

Mazumdar et al (1975)^ 

US/Canadian coke-oven workers 

13.65* 

Sakabe et al (1975) 1 

Japanese coke-oven workers 

128 

Hammond et al (1976)^ 

US roofers, 9-19 years union 

membership 

92 


20-29 years 

152 


30-39 years 

150 


40+ years 

247 

Menck and Henderson 

US roofers 

496 

(1976) 

Radford (1976) 1 

US steel company workers 

149 5 

Davies (1977) 1 

Welsh coke-oven workers 

1.00* 

OPCS (1978) 

2 

E/W coal gas/coke oven furnacemen 180 

Axelson et al (1979)^ 

Swedish coke-oven workers 

>1.00(p<0.05)* 

Gibbs and Horowitz 

Canadian aluminium workers 

SMRs same in 

(1979) 1 


exposed and 

non-exposed 

groups 

Lloyd (1980) 1 

US coke-oven workers 

6.94(p<0.05)* 

Manz (1980) 1 

German gas/water plant workers 

Lung cancer 

deaths higher 

in exposed 



than non- 

exposed group 

Redmond et al (1981)^ 

US coke-oven workers 

2.63(p<0.05)* 


Source: https://www.industrydocuments.ucsf.edu/docs/jmblOOOO 
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Table 33 continued 


Logan (1982) 

UK men making coal/gas/coke, 1931 367 


1951 

129 


1961 

152 


1971 

178 

Milham (I982) 4 

US roofers and slaters 

161 5 (p<0.01 

Blot et al (1983) 1 

US coke-oven workers 

1.2 

Hurley et al (1983)^ 

British coke-oven workers 

117 

Redmond (1983)^/Rockette 

US coke-oven workers 

>1,00(p<0.05 

and Redmond (1985)** 
Silverstein et al (1985)** 

Millwrights/welders 

>100(p<0.05) 

Kjuus et al (1986) 6 

Furnace/maintenance workers 

>100 

OPCS (1986) 

British chemical/gas/petroleum 

179 


process plant operators - men 
Married women^ 

211 


E/W - English/Welsh 
* Relative risk 

1 From International Agency for Research on Cancer (1984) 

2 Estimated from data given 

3 Cancers of respiratory tract 

4 From International Agency for Research on Cancer (1985) 

5 Proportional mortality ratio 

6 From International Agency for Research on Cancer (1987) 

7 According to husband's occupation 
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